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;g; “G.&?; A.. . introducing my additional parameter or 

z.ss;z.~t:on, WC cse our previous ;nockl for hadron scatteriz-.q 

5232'5 C" . zr,e impact picture to predict the ratio of the 

al to ixaqinary parts of various forward elastic scatterinq 

processes at high energies. 
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Three yLc?;;zs ;\qo we prcdic';ed, on ttc basis of cuantum 

fic,i< -;:.L~orl,, ;::znv fcaturcs of the iir;i;ir.q behavior of 

---=ss s(,c-L;~:.as :t extremely high cncr<:ics. For c:cmplc, 

:il iOC2.l cross soct;ons r.ust :ncrcaso wLt:hout 'bound, and 

,.-AC i;otal ci2stic cross scct1on a~pror;c:?~s half of the t0;a1 

~TOSS :i;icz:or.. Since thcsc limiting be;?avior cannot be 

2::<3CCC?d -0 .:oid at energies availab,c at the present time, 

:- is /i in~cr~stiyA g to construct modeis that have all the 

desired properties at infinite energy. A first attempt 

1.1 this~dirsction was carried 'through last year.' Th2 

y;, a 2 ,0X difficuity that we encountered is that some assumption 

I;.USZ be made to fix, roughly speaking, the energy scale 

<or iricreasinq cross sections. We c:?ose the condition that 

22 backgro.znd term is absent in the case of X+p elastic 

scatterir.q which is the only process observed to have an 

:ncreasinq cross section at Serpukhov.' This was the most 

reasonable assuxption at that time, but we certainly had no 

c0qer.c reason co argue this must,be so. 

?.ecent1;r, measurements of proton-proton scattering 

give dra;r.atic qualitative confirmation of our prediction 

of tncrcasing totai cross sections.' By using one of the 

.-.as.~red points, we can remove the above-- ..,entior.ed assumption 

cf tF.2 absence of background in the :CTp case. In this way, 

we have obtained a number of quantitative predictions, not 

cnly about the proton-proton and proton-antiproton scattering, 

b3.ct aiso for :<+p, x-p, z+p and ~-p scattering.' 

or.cc ;:-e zotal cross sections are known as functions of 

L-z c?.erqy, tkc: real parts of the forward sc,z.ttsrinq xpli~u&s 

L;?Zc ur,iq.dely dcter;ninarj, because of dispersion relations. NO 
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;Lc+r<Op,a.l ~~;.ra.nctcrs or assumpt;ons arc nwiic. It is 

c:Ie ~ln-~,OSC of this :-.ote ii0 zc?ort c;?c rcs-;zs OL such a 

czic-iz;iopA 50~ l&oratory eriergy bctwcen 50 and 5000 GcV. 

-kc formulas ;.rc rcca~k~bly simple, and no Integration is 

iZVO3lVCd.. 

TiS recall At!lat, in the model based on t2.e hpact 

?icturc we reported oarlicr5, the total cross section for 

2 channel j such as pp or cp is given by 

atotal (j) = Ajsmsi + 4s8z32 Im Kj (s, 0) (1) 

Mj(s, 0) = g j-d& Dj (s, GL) (2) 

with 

Dj(s& = 1 - expt-fj(Ee -ilr/2 ' 
1 (3) 

:<ere 3 is the laboratory energy of the incident particle, c 

;nd ;i are universal constants (independent of j), and fj and 

X 
Oj 

are parameters dependent on j but are, however, the same 
_ iz the incident particle is replaced by its anti-particle. 

Since crossing symmetry is properly taken into account 

in 2.,is model, X. , (s, 0) is analytic in the upper half plane. 

T' is thus simply a matter of extending the background term -- 

.:. < s 
-+ to complex vaiues of s. If we neglect the masses 

J 
cc-pared with 2, trier. the ratio U of t:he real and imaginary 

rarts of the forward elastic amplitude is given by 

-Ai ' 5 ;i: 
cl = 

i 4.3532 Iie h"j (s, 0) 
2. s;i + 4.8932 2-i Mj (s, 0)' 

(4) 
1 
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-2-- ; 1 z>;-Aotcs z:;c corzsspocding 1; c:;anr.il. ?or c:.:x,ple, 
2. : _: ; 

_- i is :< 'P, t>&c j I ir, !(-I>. 

I :I ;:igs. 2 1-j we p10-; 2 :-cm (c,) ip. Gi;1C ra-i;e :c < s 

3 
1;'; c;v- 201 pp, -, 

1 
< ;; ?, i2c x-?. Tar +-,c S‘iiC; ii;.cs, 

' -:z-.c ~;rx~c~crs ~rcviously found - arc uses. TO ces-; the 

SCZ-.Sl~Cl-Ql;~, to pscametcrization, we also used an a;lterna- 

:1VZ 50 r7, for 5,: 
1 

“j (S,A, :: ) = 1 _ ezip {-fj (,,-in/2) c [Yn (Ee-ir/2)j-i (5) 

esp i-x (Y .L2 ,z + x0< ) 
l/2, 

jl. 

?::.a ~.ew ~cxzn~ters are again dctcrnrncd from the set of 

~o~c;=cce.l sixes of experimental data listed in xeference 5, 

and t:he resulting CL are plotted as the dashed lines in 

'igs. 1-3. The difference between the two sets of curves 

Is g.uite small. Of course, both sets of curves dep2r.d 

sensitiveiy on the values of the recently measured total 

-2 czoss section at ISR. 4 in Fig. 1 we also show the 

,z:.:~fri~.sntal result for pp from Serpukhov" and ISR'. The 

zgreexent is quite satisfactory. 

!;'e conclude with three remarks. 

1. 70r s below iO0 GeV 2 , it is necessary to us2 the 

experimentai data at lower energies and perform the disper- 

310:. ktegral. The unphysical region in the Fp case can be 

.'.~r?.~~~~ 22. a way entirely similar to that of SCding'. 

2. Zor s above lo4 GeV2, (4) still applies but the 

t~jo sets of curves are not in qood agreement. 
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&L,1,,,,- :----vi;y, 2j.i a's 2pproac:h zero slowly fxom positive 

_._y.. _,_ , ..-.. c.,, ..3 :,~cv:.G~~sly d.i::cur.r.cd. 

1 2. 7s: t:x -;v>o sets of CUTVCS, the value of c is 

<;;>=- ‘;Lf=2rc,-.~~:q:tp. (3) , c = O.ii82525; with (5) c = 0.20225. 

Si:.CJ we ;:.:noct c to be less t:han 1 from the theorem of 
-. Y 17. z-J2 ') >:rir:;n , these vaiucs, particularly the second one, 

are ncrha.~s reasonable. Another difference 'between the two 

sets of :~arzmetcrs is that the value of A(pp) is siqzificantly 

S32llCY wkcn (5) is used. 
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C.1PTIONS FOR rImTxT;S 

Fig. 1. Tiwolr~~lc;l values af a for pp and pp forward elas:ic amplitudes 

together wit!> csperincntal results for ?p. ?i:e solid lines zrf 

ob tzi::?‘! fro;;1 xc:. (3) wil-ili: t:lc d;r51:fd Ilzc; arc fron :a.. (5). 

_ 0. 2. “::xlrc:ic.".l vn:;cs OE a for :<+p and K-p rorwnrd cla:;:ic 

::;n:,l;.,,;ri~s. 'Ci.2 ::ii1:;<: lint:: i;::c <tijtnir,e<l F.-orn 1:q. (2) while: 

tile dnsi;d lines are from Q. (5). 

?‘I'- 3. 0. T'xorzticnl values of a for n+p and 7-p forward elastic 

axnpiitudcs. The soiid lines are obtaiced from Eq. (3) while 

the dcLshed lines are from Eq. (5). 
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